Purified eukaryotic nuclear RNA polymerase II consists of three subspecies that differ in the apparent molecular masses of their largest subunit, designated Ho, Ha, and HIb for polymerase species HO, HA, and BIB, respectively. Subunits Ho, Ha, and IHb are the products of a single gene. We present here the amino acid composition of calf thymus subunits Ha and lIb and the C-terminal amino acid sequence of subunit Ha (Ho) inferred from the nucleotide sequence of part of the mouse gene encoding this RNA polymerase subunit. The calculated amino acid composition of the peptide unique to subunit Ha indicates that subunit Ha contains a domain rich in serine, proline, threonine, and tyrosine. The sequence at the 3' end of the mouse RNA polymerase H largest subunit gene reveals that the C-terminal domain consists of 52 repeats of a seven amino acid block with the consensus sequence Tyr-SerPro-Thr-Ser-Pro-Ser. This sequence is also unusual in that it contains a high percentage of potential phosphorylation sites.
Eukaryotic nuclear RNA polymerases have been purified from a number of species and their complex subunit structure has been determined (1, 2) . The three major classes, designated I, II, and III, differ in subunit structure and transcriptive function. Each enzyme contains from 9 to 14 subunits and has a total molecular mass of 5-6 x 105. RNA polymerases I, II, and III each contain two nonidentical large subunits (>100 kDa) and 7-12 smaller subunits. The large subunits of one class are not shared by other classes but are highly conserved within each class among different species (3) (4) (5) (6) .
The only subunit that has been assigned a tentative functional role is the largest subunit of RNA polymerase II. Greenleaf and collaborators have isolated a strain of Drosophila resistant to the polymerase II inhibitor aamanitin (7) . This mutation (C4) was localized to band lOC on the X chromosome and this region was cloned by P-element tagging (8, 9) . A 7-kilobase (kb) transcript from this region was shown to encode the largest subunit of RNA polymerase II (10) . The Drosophila largest subunit gene has been crosshybridized to a number of eukaryotic DNAs (11) and has been used to clone the homologous genes from several species, including yeast (12) and mouse (unpublished data). Sequence analyses of the mouse and Drosophila clones have shown that the genes are highly conserved and are homologous to the ' subunit of Escherichia coli RNA polymerase (unpublished data), implicating the largest subunit in the processes of DNA binding and RNA chain elongation.
Three different forms of RNA polymerase II have been described in a number of species. These enzymes, designated IIO, IIA, and IIB, differ in the apparent molecular masses of their largest subunit (IIo, Ha, and IIb) and appear to be related in part by limited proteolysis (13) . However, anomalous mobility in NaDodSO4 gels due to postsynthetic modification cannot be ruled out. The three forms of the largest subunit Ho (240 kDa), Iha (210-220 kDa), and lIb (170-180 kDa) also differ in their ability to be phosphorylated both in vitro and in vivo (14) . Subunit lIc (140 kDa) is structurally different from IHo, Iha, and IIb (2, 33) and is present in all three forms of RNA polymerase II in equimolar stoichiometry with the largest subunit.
A monoclonal antibody prepared against calf thymus RNA polymerase II has been shown to recognize a determinant on subunit Iha (IIo) but not on IIb (15) . This antibody does not inhibit nonspecific transcription on a nicked DNA template but completely inhibits specific in vitro transcription from the adenovirus 2 major-late promoter in a HeLa cell S100 extract (16) . This result suggests a role for the domain retained in subunit Iha in specific transcription.
In this paper we present the amino acid composition of calf thymus RNA polymerase II subunits Iha and Ilb. Comparison of the calculated amino acid composition of the peptide unique to subunit Iha with the DNA sequence at the 3' end of the mouse RNA polymerase II large subunit gene reveals a unique protein domain at the carboxyl terminus of the largest subunit.
MATERIALS AND METHODS
Purification of RNA Polymerase H Subunits. RNA polymerase II was purified by a modification of the method of Hodo and Blatti (17) . Protein concentrations were estimated by the method of Bradford (18) .
RNA polymerase II subunits were purified by a modification of the method described by Hunkapiller et al. (19) . Heparin-Sepharose fractions (up to 1.5 mg of RNA polymerase per gel) were loaded onto preparative 5% acrylamide gels (1.5 mm in thickness). Sodium thioglycolate (0.1 mM) was added to the upper reservoir buffer and gels were run as described by Laemmli (20) . Protein bands were visualized by soaking the gels in 4 M sodium acetate for 5-10 min (21) . The bands were excised and placed in dialysis tubing (6.4 mm in diameter). The gel bands were placed in a Trans-Blot unit (Bio-Rad) and electroeluted at 600 mA (20 V) for 6 hr in 0.05 M ammonium bicarbonate buffer containing 0.1% NaDod-SO4. The buffer temperature was maintained at 20-22°C. The eluant was removed from the dialysis tubing and samples from a single gel were concentrated to .-0.5 ml with a Millipore ultrafiltration unit (immersible CX-10 filters) and lyophilized. The lyophilized sample was dissolved in 500 ,l of water. Aliquots of 200 ,l were loaded onto 1-ml Sephadex G-25 columns equilibrated in water or 0.04% NaDodSO4 (22) . The columns were centrifuged in a clinical centrifuge and the effluent was pooled. Samples were stored at -80°C.
Polyacrylamide Gel Electrophoresis. NaDodSO4/polyacrylamide gel electrophoresis was carried out in slabs according Abbreviations: kb, kilobase(s); bp, base pair(s).
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to the method of Laemmli (20) . The resolving gel was 5% acrylamide. Gels were silver stained as described by Wray et al. (23 tCalculations were based on molecular weight estimates for Ila (214,000) and Ilb (180,000) reported by Kedinger et al. (27) Fig. 3 . The bold part of the lower line represents the coding sequence of the C-terminal domain.
Biochemistry: Corden et al.
B.
V Hybridization probes from both region A and region B detect a 7.5-kb mRNA (Fig. 3) . This mRNA is large enough to encode the largest subunit of RNA polymerase II. Hybridization of a region B probe to this RNA suggested that region B might encode a C-terminal domain specific to the mouse RNA polymerase II largest subunit. The sequence of 1890 base pairs (bp) of mouse genomic DNA from within region B is shown in Fig. 4 . This sequence contains an open reading frame of 384 amino acids flanked at the 5' end by a consensus splice acceptor site (underlined) and at the 3' end by a termination codon followed by 390 bases of putative 3' untranslated region and a consensus poly(A) addition site (underlined).
The DNA sequence is comprised of 52 slightly degenerate repeats of a 21-bp sequence. Two of the three reading frames are open through this sequence but only the one shown in Figs. 4 and 5 corresponds to the amino acid composition of the IIa -IIb difference peptide and is conserved, from repeat to repeat, at the amino acid level. Fig. 5 shows the striking amino acid repeats of the C-terminal domain of the RNA polymerase II largest subunit. Virtually the entire domain is comprised of a highly conserved amino acid repeat with the consensus sequence Tyr-Ser-Pro-Thr-Ser-Pro-Ser. This sequence has arbitrarily been aligned with tyrosine in the first position. Positions 1 (tyrosine), 3 (proline), and 6 (proline) are invariant in the 52-repeat units. Position 5 (serine) has only one deviation in which threonine replaces serine. The repeats are contiguous with the exception of one amino acid between repeats 1 and 2 and of three amino acids between repeats 49 and 50. Table 1 shows that the mol percentage composition of amino acids calculated for the calf thymus IIa -Ilb difference peptide is almost exactly that observed in the C-terminal coding sequence of the mouse RNA polymerase large subunit gene (two rightmost columns).
To make certain that no repeating units were lost by recombination during the cloning process, the BstNI fragment between the sites indicated in Fig. 4 Probes from regions A and B (Fig. 2) , corresponding to the /3'-like and C-terminal domains, respectively, hybridize to the same size (7.5 kb) poly(A)+ RNA (Fig. 3) . (it) Analysis of codon usage within the repeating structure indicates thirdbase degeneracy consistent with codon usage in other mouse genes (29 Though the amino acid compositions in Table 1 argue for proteolysis of subunit Ha to Ilb, no such evidence exists for the conversion of IHo to Ha. These subunits may have the same primary sequence and differ only in the level of modification, including phosphorylation. Alternatively, subunit Ha may arise through limited proteolysis at the N terminus of subunit IHo. N-and C-terminal sequence analysis of each form of the subunit will be necessary to distinguish between these two possible means of conversion.
Structure of the C-Terminal Domain. The striking regularity of the primary sequence of the C-terminal domain of RNA polymerase II suggests that the domain will adopt a regular, extended, secondary structure. Empirical predictive methods indicate that the relative probability of a-helix (P, = 0.71) or 13-sheet (Pp = 0.96) formation is much lower than that for /-turn (Pt = 1.35) (34) . Turn structures are generally comprised of 4 consecutive residues (35) , although a 3-residue turn has been described (36) . A possible structure of the C-terminal domain might be comprised of alternating turns of 3 and 4 residues. It is interesting to note that the highly conserved proline residues are alternately spaced 3 and 4 residues apart. Though standard a-helical structure seems unlikely, a second possible structure might be an a-helix with kinks introduced by proline residues, as has been described in melittin (37) . No TOc ICC TTC £66 GAG CC6 CAT GAC CCC £66 AGC G6C CGG CTT CTC ICC CAB TGC 16C ATC TGA TIC CAG T66 CTI CAG CCC ASG 11A CIC CCC ISC ATG   SIC ICC CAC ACC A66 CtC TCC ABG CTC CCC T16 ACC CTC AMG CCC ATA CAT CCC CTC ACC MG T6A CCt GCT ACA CCA ITT CCT CCT TCC TCC ATG ITT STA TC   SstNI   C66 GCT CTI CAC CAC TAT TIC CCT 1T6 TCT ITT CCT ATA 66T 61C6CT £T6 ICT CCC MC TAC ICA CC6 ACA ICA CCA 6CC TAT GAG CCA CGC TCC CCT C6r CTC TIC TTT CCT GIG ACT   T6£ TTG GG£ TAC ASS CAT TTA ACT TTS GAA CCC TAG ITT GCT BCC TGC TCT 566 ICA TAC ACC TCA TCT 66£ ACT AAC AAA 6CT TAA CCT CCC IrT STT A1T TTT   TGA AAT T6A AAT AAA GTT TAC rAA TTT TIA CCA AAA STC T1T AT6 T61 ACT SAC TGC is found in the National Biomedical Research Foundation protein sequence data base, although proline-rich repeating amino acid sequences of 14 and 21 residues occur in several Epstein-Barr virus proteins (38 (39, 40) and HeLa cells (14) . The same subunits are phosphorylated in vitro with purified protein kinases (14) . antibody may result from disruption of the interaction between the C-terminal domain and a transcription factor. A second possibility is that the negatively charged phosphorylated C-terminal domain of the largest subunit might facilitate elongation by competing with DNA for histone binding, thereby destabilizing nucleosomes in front of the elongating enzyme. A third possibility is that the C-terminal domain might play a role in anchoring RNA polymerase to a structure within the nucleus. Future experiments must be aimed at determining the role ofthe C-terminal domain in the process of eukaryotic transcription.
Note Added in Proof. Allison et al. (42) have reported on a similar repeating heptapeptide sequence at the C terminus of the largest subunit of yeast RNA polymerase II.
